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Description 

[0001] The present invention relates to a welding ap- 
paratus connprising a welding unit, a work-table for sup- 
porting the workpieces to be welded together, and 5 
clamping nneans for clamping the workpieces to th 
work-table in the direction towards one another during 
the welding operation. 

[0002] The welding method chosen to weld the work- 
pieces together depends among other things on the ma- io 
terial of the workpieces. When the workpieces are man- 
ufactured from aluminium, aluminium alloys, magnesi- 
um, magnesium alloys, zinc, zinc alloys or copper, the 
friction stir welding method is used to an increasing ex- 
tent. When on the other hand they are manufactured '5 
from steel, or stainless steel, fusion welding in the fonri 
of laser welding is used to an increasing extent, partic- 
ularly in the case of thin workpieces, i.e. having a thick- 
ness less than 20 mm. 

[0003] The definition friction stir welding designates a 20 
welding method according to which the workpieces to 
be joined together are plasticized along their joint line 
by supply of f rictional heat from a rotating welding probe, 
said probe being supported on a welding head that 
movesthe probe along the joint between the workpieces 25 
while at the same time the probe is pressed against the 
workpieces. As described in WO93/10935 and 
W095/26254 the welding probe should be manufac- 
tured from a material that is harder than the workpieces, 
and during the welding operation the workpieces should 30 
be securely fixed relative to one another and to the work- 
table. In this respect this technique differs from that of 
conventional friction welding according to which the f ric- 
tional heat is generated by the relative motion of the 
workpieces as they are being pressed together, I.e. the 55 
frlctional heat is generated only by the two components 
to be joined together. The configuration of the welding 
probe is conditioned e.g. by the material to be welded 
and by the intended application. 

[0004] The definition fusion welding as used herein 40 
designates a welding method according to which the 
workpieces to be joined together are fused along their 
joint line by supply of external energy. Laser welding is 
a particularly interesting fusion welding technique ac- 
cording to which laser light emitted from a high-energy 45 
laser, such as an Nd:YAG laser or a gas laser, causes 
the fusion. For example welding equipment of the kind 
described in the article "An introduction to the technol- 
ogy and its applications" in the publication "Sheet Metal 
Industries" (May 1 995) could be used, in which case the 50 
laser is mounted on a laser head. 
[0005] Friction stir welding is particularly suitable for 
welding together aluminium profile sections to produce 
large aluminium panels, for example of the kind intend- 
ed for ship hulls. The reason therefor is that this method 55 
produces a welded joint the bottom face of which has a 
smooth and even surface finish with resulting few spots 
of load concentration. In addition, when this joining 



method is used, the strength of the joint is almost equal 
to that of the basic material. Owing to the consid rable 
forces acting on the workpieces during the welding prop- 
er, the requirements are strict, however, as regards 
work-table stability and the ability of th clamping means 
to fix the workpieces. 

[0006] In addition, this welding method can be used 
only to join together workpieces that are separated by 
a very narrow air gap. Should the air gap exceed this 
critical value, a value which among other things de- 
pends on the sheet thickness of the profile sections, the 
resulting welded joint is fomned with internal cavities and 
has impaired strength. As a result, extruded aluminium 
profile sections, which cannot be produced to exactly 
precise dimensions by means of current manufacturing 
methods, need to be subjected to some preparatory 
treatment in order to avoid too large gaps between the 
profile sections. This is particularly important when long 
profile sections are to be joined together, as in this case 
also small changes in shape may give rise to unaccept- 
able deviations, 

[0007] Considering that changes in the profile section 
shape may occur also during the very friction stir welding 
operation, because the sections are exposed to heat, 
the dimensions of the end product may fail to be within 
the acceptable tolerance range, despite the pretreat- 
ment of the profile sections. Changes in shape are, how- 
ever, less serious in the case of MIG and TIG welding, 
since the temperature never reaches the fusing point. 
[0008] Another consequence of the critical air gap 
size is that the workpieces must n ot move relative to one 
another, once they are fixed in the correct welding po- 
sition, i.e. the requirements are strict also on the ability 
of the clamping means to immobilise the workpieces. 
Since the welding probe must be in contact with both 
workpieces during the welding, also the requirements 
on the running accuracy of the welding head are severe. 
[0009] In laser welding, on the other hand, it is impor- 
tant that throughout the welding the laser welding head 
assumes a position midway between the workpieces to 
be joined together. As a result, severe demands are 
placed on the running accuracy of the laser welding 
head. Since the laser beam of a laser welding head Is 
very narrow, the joint, i.e. the air gap between the work- 
pieces prior to welding, must have a width in the range 
of 0 to 0.5 mm. To ensure that the width of the joint does 
not exceed the above value it may, just like in the case 
of friction stir welding, be necessary to treat the work- 
pieces before performing tlje laser welding. To avoid too 
large gap widths during the welding operation proper it 
is of course also important that the workpieces are main- 
tained fixed in the same position throughout the welding, 
i.e. the clamping means must possess satisfactory im- 
mobilising ability. In the case of joint widths outside the 
above range supplementary material must be added to 
the joint or else the laser welding head be oscillated 
backwards and forwards across the joint, necessitating 
mor complex and therefore more exp nsive laser 
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welding equipment. 

[0010] To satisfy the abov criteria it is necessary, 
both in the case of friction stir welding and fusion weld- 
ing, particularly in laser welding, to use complex and 
consequently expensive welding apparatuses. This is 5 
seen to be a serious problem by those industries that 
wish to be able to produce high-precision welded joints 
to weld together workpieces manufactured from aiunnin- 
ium or steel, while using the above welding methods 
without too heavy investment costs. 
[0011] The object of the present invention thus is to 
make it possible for these industries to weld together 
aluminium as well as steel workpieces while using the 
above welding methods without utilising complex and 
consequently expensive welding apparatuses. 
[001 2] This object is achieved in accordance with the 
teachings of the present invention by means of a weld- 
ing apparatus of the kind defined in the introduction and 
which is characterised in that its welding unit comprises 
both a friction stir welding head and a fusion welding 
head. 

[001 3] Because the apparatus comprises both a fric- 
tion stir welding head and a fusion welding head the 
same work-table and clamping means may be used for 
both welding methods, a feature which obviously reduc- 
es the costs considerably compared with the use of two 
separate welding apparatuses, which is the on ly existing 
possibility today. In view of the particularly severe re- 
quirements on running accuracy and stability imposed 
by laser welding, the invention is especially advanta- 
geous inasmuch as the fusion welding is in the form of 
laser welding, i.e. the fusion welding head is a laser 
welding head. 

[0014] The welding apparatus may also comprise a 
milling unit. Owing to the provision of such a unit it be- 
comes possible to perfomn milling operations both prior 
to and/or after each individual welding operation, which 
ensures that the individual workpieces as well as the re- 
sulting product are within the acceptable tolerance rang- 
es without having to be subjected to any external pre- 
or post-treatments. The milling operation will make the 
workpieces sufficiently straight to ensure that the air 
gaps between them will not exceed the value at which 
deficient welded joints are produced. 
[0015] The milling unit may be a milling head which is 
separate from the friction stir welding head. The milling 
unit could also consist of the friction stir welding head 
which is equipped with a milling tool. Finally, the milling 
unit could consist of a milling head which is separate 
from the friction stir welding head, and of the friction stir 
welding head which is equipped with a milling tool. In 
the latter case it thus becomes possible, in one and the 
same apparatus, to subject the workpiece edges to be 
joined together to milling prior to the welding proper and 
to mill the welded resulting joint after the welding, with- 
out using any external pre- or post-treatment unit. 
[0016] The work-table of the welding apparatus may 
comprise at least one backing to which each one of the 



workpieces is clamped by means of a separat clamp- 
ing means. In accordance with this embodiment, the 
backing consists of at least two parts which are an-anged 
for movem nt relative to on another. A workpiece may 
be clamped in the same position betw en its associat d 
clamping means and its associate backing part during 
the milling and thefriction stirwelding operations. Owing 
to this an'angement, a high-quality friction stir welded 
joint is produced. In the case of milling and laser weld- 
ing, on the other hand, each workpiece could be 
clamped in the same position between its associated 
clamping means and its associated backing part. Owing 
to this arrangement a high-quality laser welded joint is 
produced. 

[0017] The invention will be described in closer detail 
in the following with reference to the accompanying 
drawings, which for exemplifying purposes show differ- 
ent embodiments of a welding apparatus in accordance 
with the invention and wherein: 

Fig. 1 is a view from the front of a first embodiment 
of the welding apparatus. 

Fig. 2 is a cross-sectional view of the welding ap- 
paratus taken along line 11-11 of Fig. 1. 
Figs 3a and 3b are enlarged fragmentary views of 
the welding apparatus of Fig. 2, showing the weld- 
ing apparatus in thefriction stirwelding position and 
the laser welding position, respectively. 
Figs 4a and 4c are views con^esponding to Figs 3a 
and 3b but showing a second embodiment of the 
welding apparatus whereas Fig. 4b is a view of the 
welding apparatus assuming its milling position. 
Fig. 5 is a front view of the welding apparatus in ac- 
cordance with a third embodiment. 

[0018] The welding apparatus 1 illustrated in Figs 1 
and 2 is intended for welding two workpieces 2 and 3 
together, such as aluminium profile sections or steel 
piates, to fomn a intermediate or final product, such as 
an aluminium of steel panel. The device comprises a 
work-table 4, an upper machine frame 5 supported on 
the work-table, and a welding unit 6. In the subject case 
the work-table consists of a stationary, stable arid hori- 
zontal machine table 7 on which a backing 8 is station- 
arity mounted. The machine frame 5 consists of an outer 
pair of beams 9a and 9b and an inner pair of beams 1 0a 
and 1 0b, the beams 1 0a and 1 0b of the inner pair being 
connected to the beams 9a and 1 b, respectively, of the 
outer pair by means of bo^onnections, not shown, pro- 
vided at the respective outeV beam ends. The beams 9a 
and 9b of the outer pair are also interconnected by 
means of a yoke 11 and rest on the machine table 7 by 
means of two. pillars 12a and 12b each, positioned at 
the outer ends of the beams. 

[0019] In this embodiment the welding unit 6 consists 
of a friction stir welding head 13 and a laser welding 
head 14. As appears from--Fig. 1, the two heads are 
mounted on the same can^iage 15 which is disposed on 
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the inner pair of beams 1 0a and 1 0b for movement ther- 
eon. The carriage 1 5 is displaced along the joint lin be- 
tween the workpieces by means of a drive unit, such as 
a motor, not shown. 

[0020] The friction stir welding head 1 3 is fitted with a 5 
guide mechanism, not shown, and, as appears from 
Figs 3a and 3b, with a welding probe 16 consisting of a 
frustro-conical body 16a and a pin 16b joined thereto, 
and during the welding operation, said pin is are posi- 
tioned between the workpieces in contact with the edges io 
thereof to be joined together. The upper part of the probe 
body is connected to a rotating spindle 1 7 which is driv- 
en by a drive unit, such as a drive motor, not shown. The 
body and pin of the welding probe could be configured 
e.g. in confonnity with the embodiments illustrated in ^5 
WO93/10935 or in W095/26254; 
[0021] The laser welding head 14 is equipped with a 
laser unit 18, shown in Figs 3b and 4c, and with a joint 
tracking device, not shown. The laser unit is supplied 
with laser light from an Nd:YAG laser of the type illus- 20 
trated in the article "An introduction to the technology 
and its applications'* from the publication "Sheet Metal 
Industries" (May 1 995) and In this embodiment the laser 
beam source and the laser mirror arrangement are 
mounted on and Inside, respectively, the inner beam 25 
10a. 

[0022] To ensure that the positions of the welding 
probe 16 and the laser unit 18, respectively, stay the 
same in relation to the joint-edges of the workpieces 
along the entire joint, the carriage 15 is connected with so 
the inner pair of beams 1 0a and 1 0b via two guide shoes 
19a and 19b, respectively, said shoes travelling along 
two beam-mounted guide rails 20a and 20b, respective- 
ly. This arrangement produces a rectilinear movement 
relative to the machine frame 5 and the work-table 4, 35 
[0023] During welding, the clamping means 21 and 22 
press the workpieces 2 and 3, respectively, against the 
work-table 4 in the direction towards one another. Each 
clamping means 21 and 22 consists of a triangular pres- 
sure member which via arms 23 and 24, respectively, 40 
are pressed into engagement with the associated work- 
piece 2 and 3, respectively, during welding, by means 
of pressure cylinders 25 and 26, respectively. The pres- 
sure cylinders 25 and 26 are connected with the ma- 
chine frame 5. The clamping means are positioned op- ^5 
posite one another in pairs along the edges of the joint 
between the workpieces. According to the present em- 
bodiment, the distance between the centre lines of two 
neighbouring pairs is about 500 mm. 
[0024] As appears from Figs 3a and 3b the backing is 50 
formed In accordance with the first embodiment with a 
groove 27. When the welding apparatus is used for fric- 
tion stir welding operations, see Fig. 3a, the workpieces 
2 and 3 are placed on the backing in such a manner that 
the joint between them will not be positioned above the 55 
groove. This is quite simply due to the fact that in this 
welding method, the upper face of the backing functions 
like a mould that shapes the material that is being plas- 



ticlzed, about the joint line. When the welding apparatus 
is used for laser welding, see Fig. 3b, th workpieces 
ar so placed on th backing that their edges to be 
joined together will assume a position straight above the 
groov . This is quite simply due to the fact that othenvise 
the workpieces would have been welded to the upper 
face of the backing during the laser welding. 
[0025] Figs 4a - c, on the other hand, show a two-part 
backing 28 wherein the upperfaces of the parts 28a and 
28b, respectively, are plane. In addition, the backing 
parts are movable relative to one another and according 
to precisely this embodiment the left-hand part 28b is 
stationarily mounted on the machine table 7 whereas 
the right-hand part 28a is movabty mounted thereon. In 
accordance with Fig. 4a, the right-hand part 28a Is dis- 
posed as close as possible to the left-hand part 28b and 
in this position only a nan^ow air gap exists between the 
parts. In the following, this position will be referred to as 
the innennost position. According to Fig. 4b, the right- 
hand backing part assumes a position as far away as 
possible from the left-hand backing part, and this posi- 
tion will be referred to in the following as the outemnost 
position. In Fig. 4c, finally, the right-hand backing part 
assumes a position in between the outemiost and the 
innennost positions, and in the following this position will 
be referred to as the middle position. 
[0026] When the welding apparatus is to be used for 
friction stir welding, the joint between the workpieces 
shall, as pointed out in the aforegoing, be placed on a 
plane and ungrooved face, i.e. the gap between the 
backings should be as small as possible and conse- 
quently the latter assume their innennost position, see 
Fig. 4a. Since some air gap exists between the backing 
parts also in this position, the workpiece edges to be 
joined together additionally must be positioned on the 
same backing part 28b also during the friction stir weld- 
ing carried out by means of the welding probe 1 6. 
[0027] When, on the other hand, the welding appara- 
tus is to be used for trim milling of the workpieces the 
friction stir welding probe is replaced In according with 
this embodiment by a milling tool 29 which thus is sup- 
ported by the friction stir welding head 13. This becomes 
possible because a friction stir welding head in principle 
is configured like a milling head and furthennore pos- 
sesses sufficient motor power and stability to be able to 
rotate a milling tool instead of a friction stir welding 
probe. In order not to damage the upper face of the 
backing parts, since in the subsequent friction stir weld- 
ing operation this surface jj^to serve as a welding-joint 
mould, the backing parts 28a*and 28b should in this case 
be positioned in their outermost position, see Fig. 4b. In 
this case the milling tool 29 is placed between the work- 
piece edges to be joined together. 
[0028] When the welding apparatus is to be used for 
laser welding, the joint between the workpieces should, 
as pointed out previously, be positioned above a medi- 
um size air gap, I.e. the backings should assume their 
middle position, see Fig. 4c. In this case the laser unit 
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1 8 is positioned above the workpiec joint line. In view 
of the fact that satisfactory laser welding in principle al- 
ways requires subjecting the faces to be welded togeth- 
er to a preparatory treatnnent of the joint, such as trim 
milling, the workpieces in principle will always be milled 
prior to the laser welding. In some cases this is true also 
in the case of friction stir welding. 
[0029] As appears from Figs 4b and 4c, the clamping 
means 21 and 22 and the backing parts 28a and 28b, 
respectively, assume the same positions relative to the 
workpiece edges to be joined together during both the 
milling and the laser welding operations. As workpiece 
2 is placed on the movable backing part 28a, this work- 
piece thus will be moved to the left as seen in the draw- 
ing figures in order to position the edges to be welded 
together in contact with one another after milling. Since 
the workpiece 2 is held clamped in the same position 
during both the milling and the laser welding operations, 
i.e. is not displaced relative to its backing part after the 
trim milling step, the resulting welding joint possesses 
the highest possible precision qualities. The synchroni- 
sation of the backing part 28a and the clamping means 
21 is obtained by mechanical interconnection means or 
by means of some other type of synchronising mecha- 
nism. 

[0030] Fig. 5, finally, illustrates an embodiment ac- 
cording to which a separate milling head 30 is used, 
which head is supported by a separate carnage 31 
which by means of a drive unit, not shown, may be dis- 
placed along the guide rails 20a and 20b of the inner 
pair of beams in the same manner as carriage 15, see 
Fig. 7. 

[0031 ] When the workpieces 2 and 3 are to be welded 
together to produce the product to be manufactured, 
workpieces are clamped in the welding apparatus 1 by 
means ofthe clamping means 21 and 22. Depending on 
the quality of the workpiece edges to be joined together, 
i.e. on whether they possess an acceptable degree of 
straightness or not, the workpieces are positioned either 
in the milling position, see Fig. 4b, or in the welding po- 
sitions according to Figs 4a and 4a Should the edges 
be deficient, the workpieces therefore are clamped in 
the milling position in which their edges to be joined to- 
gether abut against the outer face of the milling tool 29, 
and in this case the friction stir welding probe 16 is re- 
placed by the milling tool. The milling operation is then 
started by rotation of the milling tool at a predetermined 
speed while at the same time the tool is moved at a pre- 
detemnined speed along the edges to be joined together. 
[0032] When the milling has traversed the entire joint 
and the individual milling operation thus is completed, 
the pressure cylinders 25 and 26 are activated, allowing 
the workpieces to be released from the clamping means 
21 and 22, if the workpieces, following the milling oper- 
ation, are to be welded together by means of the friction 
stir welding technique. By activation of said pressure 
cylinders, the workpieces 2 and 3 may thereafter be 
fixed in the position shown in Fig. 4a, It is likewise pos- 



sible to fasten the second workpiece already from the 
start in such a manner that it may assume the same 
clamped position during both the milling and the friction 
stir w Iding operations, i.e. following the milling step on- 

5 ly the left-hand pr ssure cylinder 26 need be activated 
for rel ase and subsequent clamping of the left work- 
piece 3. The milling tool is thereafter exchanged for the 
friction stir welding probe, which is caused to rotate at 
a predetemnined speed while at the same time being 

10 moved along the gap at a predetemnined speed. As ex- 
plained in the introduction hereto, the workpiece edges 
to be joined together will be plasticised by the frictional 
heat generated in this process while at the same time 
they will be pressed against the work-table. After solid- 

15 ification, a homogeneous welded joint is formed, pos- 
sessing high-strength qualities. When the friction stir 
welding probe 16 has traversed the entire joint and the 
individual welding operation thus is completed, the pres- 
sure cylinders 25 and 26 are again activated, causing 

20 deactivation ofthe clamping means 21 and 22, whereby 
the formed product is released. 
[0033] If the workpieces are to be welded together by 
means of the laser welding technique, there is no need 
to activate the pressure cylinders of the clamping 

25 means, when the milling tool has traversed the entire 
joint and the individual milling operation thus is complet- 
ed, since both workpieces are clamped in the same po- 
sition between their associated clamping means and 
backing parts, respectively, during the milling operation 

30 as during the preceding treatment step. The laser unit 
18 of the laser welding head 14 is thereafter placed 
above the joint line of the workpieces, whereupon the 
laser is activated so as to fuse the joint edges together 
by supply of laser light. When the laser unit 16 has tra- 

35 versed the entire joint and the individual welding oper- 
ation thus is completed, the pressure cylinders 25 and 
26 are activated, causing deactivation of the clamping 
means 21 and 22, whereby the fomned product is re- 
leased. 

40 [0034] If the desired product is to comprise more than 
two workpieces it may be necessary to mill between 
each welding operation in order to produce a high-qual- 
ity end product. 

[0035] It should be appreciated that the invention is 
45 not limited to the above embodiments but that numerous 
modifications are possible within the scope of the ap- 
pended claims. For example, the welding probe may be 
exhangeable for the millingtool automatically instead of 
manually with the aid of a^o\ switching device. For ex- 
50 ample, when a separate rffilling head is used, it is still 
possible under certain circumstances to exchange the 
friction stir welding probe 1 6 of the friction stir welding 
head 13 for a milling tool, so that milling may be per- 
formed prior to as well as after an individual laser weld- 
55 ing operation. The separate milling head could of course 
be positioned upstream from the welding unit as se n 
in the direction of welding together of the workpieces 
instead of downstrem therefrom, as illustrat d in Fig. 5. 
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In the event the welding apparatus 1 is to be used mostly 
for fricton stir welding operations, a separat nnilling 
head suitably is used, said head being positioned up- 
stream from the friction stir welding head. Instead of ar- 
ranging the friction stir welding head and the laser weld- 5 
ing head on a common carriage, each head may be ar- 
ranged on a separate carriage, a feature which increas- 
es the versatility of the welding apparatus. 

10 

Claims 

1. An apparatus (1) for welding, comprising a welding 
unit (6), a work-table (4) for supporting the work- 
pieces (2, 3) to be welded, and clamping means (21 , >5 
22) for clamping the workpieces to the work-table 

in the direction towards one another during the 
welding operation, characterised in that the weld- 
ing unit (6) comprises a friction stir welding head 
(13) and a fusion welding head (1 4). 20 

2. An apparatus as claimed in claim 1 , cfiaracterised 
In that the fusion welding head is a laser welding 
head (14). 

25 

3. An apparatus as claimed in claim 1 or 2, character- 
ised in that it also comprises a milling unit (13, 29; 
30). 

4. An apparatus as claimed in claim 4, characterised 30 
In that the milling unit consists of a milling head (30) 
which is separate from the friction stir welding head 
(13). 

5. An apparatus as claimed in claim 3, characterised 35 
in that the milling unit is fomried by the friction stir 
welding head (13) fitted with a milling tool (29). 

6. An apparatus as claimed In claim 3, characterised 

in that the milling unit consists of a milling head (30) 40 
which is separate from the friction stir welding head 
(13) and of a friction stir welding head (13) fitted with 
a milling tool (29). 

7. An apparatus as claimed in any one of claims 1-6, 45 
wherein the work-table comprises at least one 
backing (28a, 28b) and each workpiece (2, 3) is 
clamped to the backing by means of a separate 
clamping means (21 , 22), characterised in that the 
backing consists of at least two parts (28a, 28b) 50 
which are arranged for movement relative to one 
another and in that at least one workpiece (2, 3) is 
clamped in the same position between its clamping 
means (21 , 22) and its associated backing part dur- 
ing milling and friction stir welding operations ormill- 55 
ing and laser welding operations. 

8. An apparatus as claimed in claim 7, characterised 



in that each workpiece (2, 3) is clamped in the same 
position between its clamping means (21, 22) and 
its associated backing part (28a, 28b) during milling 
and laser welding operations. 



Patentanspriiche 

1. Vorrichtung (1) zum SchweiBen mit einer 
SchweiBeinhett (6), einem Arbeitstisch (4) zur Ab- 
stutzung der zu schweiBenden Werkstucke (2, 3) 
und einem Spannmittel (21, 22) zum Festspannen 
der Werkstucke an den AriDeitstisch in aufeinander 
zu verlaufender Richtung beim SchweiBvorgang, 
dadurch gelcennzelchnet, daB die SchweiBeinheit 
(6) einen Ruhn-eibschwelBkopf (13) und einen 
SchmelzschweiBkopf (14) umfaBt. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der SchmelzschweiBkopf ein Laser- 
schweiBkopf (14) ist. 

3. Vorrichtung nach Anspruch 1 Oder 2, dadurch ge- 
kennzeichnet, daB sie des weiteren eine Frasein- 
heit(13, 29; 30) umfaBt. 

4. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Fraseinheit aus einem Fraskopf 
(30) besteht, der von dem RuhrreibschweiBkopf 
(13) getrennt ist. 

5. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Fraseinheit durch den mit einem 
Fraswerkzeug (29) ausgestatteten Ruhn-eib- 
schweiBkopf (13) gebildet wird. 

6. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Fraseinheit aus einem von dem 
RuhrreibschweiBkopf (13) getrennten Fraskopf 
(30) und einem mit einem Fraswerkzeug (29) aus- 
gestatteten RuhrreibschweiBkopf (13) besteht. 

7. Vorrichtung nach einem der Ansp ruche 1 - 6, bei 
der der Arbeitstisch mindestens eine Unterlage 
(28a, 28b) umfaBt und jedes Werkstuck (2, 3) mit- 
tels eines getrennten Spannmittels (21 , 22) an die 
Unteriage gespannt ist, dadurch gekennzeichnet, 
daB die Unterlage aus mindestens zwei zur Bewe- 
gung bezuglich einanc^tangeordneten Teilen (28a, 
28b) besteht und daB mihdestens ein Werkstuck (2, 
3) beim Fras- und RuhrreibschweiBvorgang oder 
beim Fras- und LaserschweiBvorgang in der glei- 
chen Position zwischen seinem Spannmittel (21, 
22) und seinem zugehorigen Unteriagenteil festge- 
spannt ist. 

8. Vorrichtung nach Anspruch 7, dadurch gekenn- 
z Ichn t,daBjedesWericstuck{2,3)beimFrasund 
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Laserschweif^vorgang in der gleichen Position zwi- 
schen seinem Spannmittel (21 , 22) und seinem zu- 
gehorigen Unterlagenteil (28a, 28b) festgespannt 
ist. 



Revendications 



8. Appareil selon la revendicatlon 7, caracteris ' n 
c que cheque pifece^usin r(2,3)estserr6edans 
la meme position entr sesnnoyensd serrage(21, 
22) t sa partie de support associ6e (28a, 28b) au 
cours des operations d fraisage t de soudage au 
laser. 



1 . Appareil (1 ) pour le soudage, comprenant une unite 
de soudage (6), une table de serrage (4) pour sup- io 
porter les pieces k usiner (2, 3) qui doivent etre sou- 
d§es, etdes moyens de serrage (21 , 22) pourserrer 
les pieces k usiner sur la table de serrage pour la 
direction s'6tendant Tune vers I'autre au cours de 
reparation de soudage, caracterise en ce que ^5 
runit§ de soudage (6) comprend une tete de sou- 
dage par friction-agitation (13) et une tete de sou- 
dage par fusion (14). 



2. Appareil selon la revendicatlon 1 , caracterise en 20 
ce que ia tete de soudage par fusion est une tete 

de soudage par laser (14). 

3. Appareil selon la revendicatlon 1 ou 2, caracterise 

en ce qu'il comprend 6gaiement une unit6 de frai- 25 
sage (13, 29 ; 30). 

4. Appareil selon la revendication 3, caracterise en 
ce que 1' unite de fraisage est constitute d'une tete 

de fraisage (30) qui est separte de la tete de sou- 30 
dage par friction -agitation (13). 

5. Appareil selon la revendication 3, caracterise en 
ce que I'unite de fraisage est formee par la tete de 
soudage par friction-agitation (13) equipee d'un 35 
outil de fraisage (29). 

6. Appareil selon la revendication 3, caracterise en 
ce que Tunitt de fraisage est constitute par une t§- 

te de fraisage (30) qui est separee de la tete de sou- 40 
dage par friction-agitation (13) et par une tete de 
soudage par friction-agitation (13) equipee d'un 
outil de fraisage (29). 



7. Appareil selon Tune quelconque des revendications ^5 
1 a 6, dans lequel la table de serrage comprend au 
moins un support (28a, 28b) et chaque piece k usi- 
ner (2, 3) est serree centre le moyen de support a 
I'aide d'un moyen de serrage separe (21, 22), ca- 
racterise en ce que le support est constitue par au so 
moins deux parties (28a, 28b) qui sent arrangees 
pour effectuer un mouvement I'une par rapport a 
I'autre et en ce qu'au moins une piece k usiner (2, 
3) est serree dans la meme position entre ses 
moyens de serrage (21 , 22) et sa partie de support 55 
associte au cours des operations d fraisage et de 
soudage par friction-agitation ou au cours des ope- 
rations de fraisage et de soudag au laser. 
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